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Description 

Lymphokines such as interferons (hereinafter sometimes abbreviated as IFNs) and interleukin-2 
(hereinafter sometimes abbreviated as IL-2) have been considered to be of clinical value for the treatment 
5 of viral infections and malignancies and recent technological advances in genetic engineering have made it 
in principle possible to produce such lymphokines on large scales. However, it is known that the clearance 
of lymphokines administered to the living body is in general very short. In the case of lymphokines derived 
from heterologous animals, it is anticipated that antibodies may be produced in some instances and cause 
severe reaction such as anaphylaxis. Therefore, technology development is desired which leads to delayed 
to clearance of lymphokines used as drugs, with their activity retained, and further to decrease in their 
antigenicity. To achieve this object, chemical modification of lymphokines is a very effective means. Such 
chemical modification is expected to result in delayed clearance in the living body, decreased antigenicity 
and, further, increased physiological activity. From the practical viewpoint, the significance of chemical 
modification of lymphokines is thus very great. 

J 5 Generally, in chemically modified physiologically active proteins, a method is required by which said 
proteins can be chemically modified while retaining their physiological activity. Polyethylene glycol methyl 
ether is considered to have no antigenicity and therefore is used in chemical modification of proteins. The 
introduction of said substance into proteins is generally performed by way of the intermediary of cyanuric 
chloride. However, cyanuric chloride is toxic perse and the possible toxicity of its degradation products in 

20 vivo remains open to question. Therefore, cyanuric chloride should be used with caution. Furthermore, the 
reaction involved requires a pH on the alkaline side and therefore the above-mentioned method of 
modification has a drawback in that it cannot be applied to proteins liable to inactivation under alkaline 
conditions. 

U.S. Patent No. 4,002,531 discloses a method of producing monoalkylpolyethylene glycol derivatives 
2$ of enzymes. However, the method disclosed therein, which uses sodium borohydride at pH 8.5, when 
applied to lymphokines, may possibly destroy the physiological activity of lymphokines and therefore 
cannot serve as an effective method of production. Furthermore, said patent specification does not any 
suggestion as to the effect of delaying the in vivo clearance of the enzyme derivatives. Such effect is 
therefore unknown. 

30 There is also known a method of introducing a low molecular aldehyde such as formaldehyde, 
acetaldehyde, benzaldehyde or pyridoxal into physiologically active proteins in the presence of a 
boron-containing reducing agent (Methods in Enzymology, 47, 469-*478 (1977); Japanese Patent 
Unexamined Publication No. 154,596/83). However, application of said method to lymphokines fails to 
achieve effective delay in clearance. A substantial decrease in antigenicity cannot be expected but rather it 

35 is possible that the low molecular aldehyde introduced may serve as a hapten to thereby provide said 
lymphokines with immunogenicity. 

The present inventors studied intensively to overcome the above difficulties and have now completed 
the present invention. 

This invention provides chemically modified lymphokines having polyethylene glycol of the formula 

40 

R-K>— CH 2 — CH 2 -fe (I) 

wherein R is a protective group for the terminal oxygen atom and n is an optional positive integer, bonded 
directly to at least one primary amino group of the lympnokine moiety and a method of producing the 
45 same. 

In the present specification, the term "lympnokine" includes soluble factors released from 
lymphocytes and involved in cellular immunity and substances equivalent thereto in physiological activity. 

Thus, the lymphokines may be genetically engineered products, products derived from various 
animals including humans and further include substances similar in structure and in physiological activity 
so to these. 

For instance, there may be mentioned various interferons [interferon-a (IFN-a), interferon-(3 (IFN-0), 
interferon-v (IFN-y)J, IL-2, macrophage differentiating factor (MDF), macrophage activating factor (MAF), 
tissue plasminogen activator, and substances similar in structure and in physiological activity to these. 
Examples of said substances similar in structure and in physiological activity are substances having 
55 the structure of IFN-y except for the lack of 2 to 4 amino acids at the N-terminal thereof (PCT/JP84/00292, 
filed June 6, 1984), various IFN-y fragments lacking in the C terminal portion of IFN-y (e.g. 15K species; EPC 
Patent Application No. 84 111133.9), substances having the structure of IL-2 except for the lack of the 
■terminal amino acid thereof (EPC (laid open) 91539) or the lack of 4 amino acids from the N-terminal 
(Japanese Patent Application 58-235638, filed December 13, 1983) and substances having the structure of 
5a 'L-2 except for the lack of one or more constituent amino acids with or without one or more substitute 
amino acids in place of said missing one or ones, for example the IL-2 analog containing serine in lieu of the 
125th amino acid cysteine (EPC (laid open) 104798). 

Preferred among such lymphokines are IFN-a. IFN-y [consisting of 146 amino acids (EPC (laid open) 
0089676)], IFN-y lacking in two N-.terminal amino acids (IFN-y d2), IFN-y lacking in three N-terminal amino 
55 acids (IFN-y d3), and IL-2. 
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♦ nrofprablv have a molecular weight of 
th . mnhokines to be used in the practice of the invention preferably 

Referring , to tne group > v ^ |§ prefer ably an aiKY ° sec . outY , or t . butY i. The 

r:CS-^^5bA=^ ~rt ~ 

\A/^ 0 n the fsi-terminal a-ammo group is tne oniy \* Hirpctlv bonded to said ammo group, wnen 



^5 r-K)_CH j CH j -4 s =tO-CH j CH0 
modification of the ammo group or groups 

analysis, for instance. ced from an ethylene glycol derivative of the formula 

The above-mentioned aldehyde UD can oe p 
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since June 6, 1984, with the hrmanmimR^: hi 1 *' d8posit number IF °-1«S0 and 

BP-628 under Budapest Treaty. ' ,h the FRI under tne de P° sit "umber PERM 

Brief description of drawings 

- ^menl^obS -J**- »" ^ 1 (iv). The 

in Example 1 (i) are indicated by 0 (er^m.?^ acco«f.n 0 to the invention as produced 

obtained with rIFN-aA used namMtol*X£l^^ ' J'*' aSSayl and the resul * 

. Fig. 2 shows the ciearance-deTaying e ffe« ?n^.3.TS?? *"H " ,antiviral aclivit V assay), 
indicated bv A □ and • a» th- plasma as disclosed in Example 3 (ii). The data 

35 1, and conU *FN^^ 

^nce^ *™n>™* 2 disclosed in 

Reference Example 4 (i). 9 const ™t.on scheme for the expression plasmid pLC2 disclosed in 
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Pr0 m Ct i°^! ( P °^ etnvlene 9«ycol- methyl ether-modified IFN-a 
P"°sP^ff^ against 0.2 M 

o^ained'i^^ 

was stirred at 37'C for 4?hTu s Thl reactTon ,u ™ c V anobor ° h Vdride (140 mg) was added, and the mixture 
cm, and developed with" ^5 mM ammonSm acTte'bX (SK'S^K - ^ ^ C °' Umn ' 3 -° X43 -° 
was collected in 5-ml portions. Eluate fraction nS£lVso ml r„n ta l M S ° d ' Um Cnloride - The eluate 
combined. Assaying by the Lowry method us.no b^^ cT T'""! 9 ,hG c °™emplated Product were 
protein content in the combine ^acSons was ^84 uo7m Am^'^T ° S 3 Standa ' d revea,ed tnat lhe 
hydrochloric acid. 110'C, 24 hours) were a fX ws tea ,5n7 in acid "Vdrolysate (6 N 
(26): Pro. 6.0 (5); Gly, 6.3 (5); Ala. S.6 « Val 6 ! ° 7 ''(Jj ' 4 n (5 . ^ f Ser < 160 ' 14 >< Q'«. 24-8 

9.9 (10); Lys, 6.5; His. 3.8 (3)- Aro 9 1 (9 - r„. t,1 a <5,: " e ' 76 (8,: Leu ' 21 -° « 21 »: T V. 5.2 (5); Phe. 

Lys residues, the ^^^^l^^^S^^ ° f the f8Ct that 'o^ 8 1 1 

modified at the e-amino group with the oo?ve?hlnl 1,^ „ . ° f . LvS r6SidueS in interf e™ a had been 
The potency of this product a 22rmI,S by 2 ii^m™*** " her (aV6rage m °' e,iular wei 9 nt 1 ' 900 >- 
73. 589-595 (1981)1 was 1 51 xio" S!«n»Kl,? immunoassay method (Methods in Enzymology 

y DU ana 100 m 9 of sodium cyanoborohydride. rIFN-aA was 
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, ■ 4 oniwpthvlene alvcol methyl ether-modified 
ated in the same manner as (i) to give 30 ml of a ^^S^STS^S^ « N hydrochloric acid. 
Icl n with a protein content of 130 ug/ml. Ammo < |«d ™t.03 n ac ah* (2g) . prQ g g (5) . 
K Z hou's) were as follow.: Asp. 12.1 (12J Thr 0 1(1 0). Se 3 6 (1 ,. ^ ^ ^ y 

^e a, ;o n c=- of ,i) was followed using 27 mg of the ^ e*,ene f^^^^C 
and % ] i g o P f sodium cyanoborohydride and there was °^™W ™ o J jn acjd nydr0 , vsate (6 i N 

in the same manner as 0) gave tne resuu i.« 

^ 1 53x10 a international units/mg. rt K, a ; n pd above in (i) was administered to 

Pf °t The chemical modified .FN-a (IFA-3) of the ^^Z^^ a dose of 1.274x 10« units 
a aroui of three 7-week-old female SD rats by m,ec«on into hetemo ^ ^ ^ pQ „ 

Lr cap °a After a prescribed period, blood was sampled from the ca metho(j descnbed ,„ 

ra r sma P was A ;e e term P in e d by the enzyme ^^^^^ with a group administered 

The above results are depicted m F.g. 1. 

^T* I o, ft. S o,u,ion o. che mi ca,„ ^«<™ 

ft, re iT«««l 250 m, of human ^ '^"vS^S wS-"^ ^ s '°' a9e ' T " B C ° me, " S 

Sin - ,~e *o- -ft, «« - 

IFN-a. These results are depicted m Fig. 2. 
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TABLE 2 




SdXon" of polyethylene glyco. ^"^^S, ^litaron-Y protein produced by the 
(i) A 5-ml portion (5.95 mg as P~tem) afa ^.^^N y- cf. EPC laid open No. 110044) was apphed 
5„ recombinant DNA technique (hereinafter f b ^ r , e ^ a ^f o "^i th Y ' 0 2 M pho sphate buffer (pH 7.0). The eluate 
to a Sephadex G-25 column (2.0x60.0 cm) and devel °P^^°^ b P jned P and di , u , e d to 100 ml with the 
was fractionated in 5-ml portions. Fractions Nos 11-13 1 we re com ° molecular weight 

Tame buffer. Thereto was added P°'vetjYlene gK«l Swmgf The mixture was shaken at 37<C 

750) (225 mg). followed by addition of sod.um f ne supernatant was concentrated 

55 for 72 hours' The resulting P^P^^^ to a Sephadex G-75 column 

to 10 ml using a Oiaflow membrane (Am.con). The ""cemrate ww m chlonde+10 

3 0x43.0 cm) and developed with 25 mM ^Z^onsf^o^^n-lA^mng the desired 
mS glutathione. The eluate was ^"^^^^"SSon. as determined by the Bradford 
product were combined. The prote.n nrte™™**™™™ The acid hydrolysate (6 N hydrochloric 
so method using bovine serum albumin as a standard was 7.73 ug/mL . e y ^ ^ Jg) . ^ fl 3 
60 ™d. 110-C. 24 hours) gave the followmg , am.no f*™ffi™^XnKAY. He. 7.1 (7); Leu. 9.7 (10).Tyr. 
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of 1.3X10 6 international units/mg. Administration of the product to rats resulted in obvious 
clearance .n blood. On the other hand, the precipitate was dissolved in 6 M guanidine hvdrocMoS " 
d.alyzec I against 25 mM ammonium acetate ( P H 6.0)^0.15 M sodium chloride+10 mM qK'Tp 
overn.ght followed by Sephadex G-75 gel filtration in the same manner as abov" The t ^ s L f C 
fract,on 25 ml) had a protein content of 126 ug/ml and amino acid analysis of the acid hydrolv^S 
5???fo h . ,0 o C aC ' d ' 1 10 C ' 24 h0Urs) 9ave the fo,lowin 9 ^lues: Asp. 20.0 (20): Thr. 5 2 (5 Ser 9 5 fiif £. N 
2 c,- 8 ou 8,: ^ r °', 2 - 7 <2,; GIV ' 146 (5,: Ala ' 8" 1 (8 >-- Val < 8 5 (8); Met. 4.3 (4); He. 7.2 (7) Leu 10 2 M0 T ' °i U ' 
Glu and ri th 147: - HiS ' 2 0 (2 ' ; Ar9 ' 73 ,8,: Thr ' 07 « 1 >: Cv *- decomposed. The higher values f* 

20 Lvs e aminn" * ^ P re ^™°'y due «° contamination by g.utathione. Since Tfn.^xJZ 

hMiI mnri f ! r UPS : ,h ! 3b0Ve r6SUltS indicate that about 265% of the Lvs e-amino groups in rlFN-v h l 
been modified by polyethylene glycol methyl ether. Y had 

750 inri U i?n 9 J? 5 r 9 ^ f P 0, V eth V' ene 9'ycol methyl ether aldehyde having an average molecular weiaht of 
2 o ~ 9 ,° S °?\™ fyanoborohydride. rlFN-y was treated in the same manner as <i) in the SLJ 
i JZ J > n%Z et ™ <2% i« 9ive 30 m ' 0f 3 PO'yethyfene glyco. methyl ether-modified rE 2 
f 10 C 9 24 P ho, ^ C ° me ? ° n 36 M9/mL Amin0 acid ana,ysis of the acid hydrolysate (6 N hydrochlo °c Z 
2) L iS p ,c 9 A a , ve □ th , e l £"? w,n9 va,ues: Asp ' 200 (20,; Thr ' 52 < 5 >: Ser - 9-6 (ID: Glu. 33.6 (18 Pre ' a 
Us io 2 Hto f/Si a 2 ' 8 7 o 8 ^ 8 r (8, ; Met 46 (4,; "•• 7 4 (7,: Leu ' 102 (10 > : TVr. 5 - 9 «B»; Phe 10 7 (10^ 
9 ' 79 (8,; Trp ' 06 Cys ' de c° m Posed. The higher values for Glu and Gly .« 
presumably due to contam.nat.on with glutathione. Since rlFN-y contains 20 Lys €-amino groups the 

X^^.S^fiS 1 5 ° % ° f ^ ^ e - ami "° fn had ^en^eVSy 

Example 5 

Production of polyethylene glycol methyl ether-modified IFN-yd2 

znJL J'J^ POr !l° n i.M 5 mg aS protein > of the IFN -Y d2 so,ution obtained in Reference Example 3 is 
appl ed to a Sephadex G-25 column (2.0x60.0 cm) and developed with 0.2 M phosphate buffer (pH 7 o> The 

t H ? bV 5 mK FraCtions Nos " n ~ 13 are combined a "d diluted to 100 ml with the same 

<200 ma) Tnl !?- glyCo1 methyl ethe ' a,de "yde (average molecular weight 7 ^ 
200 mg). and then sodium cyanoborohydride (300 mg). The mixture is shaken at 37°C for 72 houVs The 

ZXSSZ SS^VT 0 ^ * centrifu 9 ation - The supernatant is concentrated to 10 m?using a D 7af[ow 
S mM l! 6 Conce " trate '? aD P"' ed t0 3 Sephadex G-75 column (3.0x43.0 cm) and developed 
Sona^d IvTTZTT <PH 6 -° ,+ai5 M S ° dium cn| o«de + 10 mM g.utathione. The eluate's 
nhllZn ?JL L . 6 aCt, ° nS conta,nin 9 modifi ed IFN-yd2 having the polyethylene glycol methyl 
ether mo.ety on the Lys e-am.no group in the molecule are collected and combined. When this product is 
administered to rats, evident delay in clearance in blood is noted 

=, m J?„ n - hB ° ther hand 'L he P rec 'P'tate is dissolved in 6 M guanidine hydrochloride, dialyzed against 25 mM 
ammonium acetate buffer (pH 6.0) + 0.15 M sodium chloride + 10 mM glutathione at 4X o?e nSht and 
punfied by Sephadex G-75 gel filtration in the same manner as above Thus is obtained a frLioS 
* ~ the mo^u^ ' FN - Yd2 haVin9 POlyelhy,e " e 9lyC °' ™ hy . ethy, moiety on the^s « LVo^oZ 

Example 6 

Production of polyethylene glycol methyl ether-modtffed IFN-y3 

to a sL^JJr 5 ^ 9 ? Qr0t * n J P °* 0n of the IF N-Yd34olution obtained in Reference Example 4 is applied 
£,p 221! -! f G "? C °' Umn (2 - 0x60 -° cm >' followed by development with 0.2 M phosphate buffer (pH 7 0) 
The elua te is fractionated m 5-ml portions. Fractions Nos. 11-13 are combined, and thereto are added 
polyethylene glycol methylether aldehyde (average molecular weight 750) (225 mg) and hen Sodium 
cyanoborohydride 120 mg). The mixture is shaken at 37<C for 24 hours. The reaction mature is appS to a 
(DH 0 So?Tht iL'b r n H (3 ? X43, ° Cm '' f0 " 0Wed bv d e^'opment with 25 mM ammonTum acetaS buf?e 
moip^ J^i . 3 ed 3 fra ° ,IOn comainina modified IFN-yd3 with the polyethylene glycol methyl ethe 

: 0 dera;c?in Ly o,ooT^^^^^^^^^^ m °' eCUle - ^ ^ iS adminis, - d » ^ p ^iou V S 2K 

Example 7 

55 Production of polyethylene glycol methyl ether-modified !L-2 

ReferL A ce%^m^^ as protein) portion of the interleukin 2 (hereinafter abbreviated as rlL-2) obtained in 
was 'T^^SmZ? f ? T! nS l °' 2 M P h0S P hale buffer <PH 7.15) for 12 hours. To the dialyzate 
£rt1.?m po ' veth u y,e " e g,vco1 methvl etner aldehyde {average molecular weight 750) (97 mg>, and then 

n °° The miXtUre WaS Stirred at 37 ° C for 24 hours - Th « «ult»n? irecfp S 
?0) for 5 ^hour^ThrH l / 9at ' 0n * THe supernat3nt was dia, y«d againt 5 mM ammonium acetate buffer (pH 
he mt r n YZ r! ^ aPP " ed t0 3 Se P hadex ^75 column (3.0x43.0 cm) and developed with 

ract o^ 'nos 2 ^ * e,uate H wa f K frac ^nated in 5-ml portions. The des.reu producKontaining 

deteZne^bv^^^ combined. The combined fraction had a protein content of 25 ug/ml as 

^^o^MuS^S > 'r: 06 S6rum albumin as a standard - The acid nvdrolysate (6 N 

nyarochlonc aad, 1 10 C, 24 hours) gave the following amino acid analysis values: Asp, 12.0 (12); Thr, 12.5 
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(13): Ser.7, ,8,: Gly. 18.6,18): Pro. 5.5 ,5): G,y,2, : ffl : Ala j£M«. ^^^^^ !K 
2 (22); Tyr. 3.0 (3): Ph.. 8.0 (6): Lys. T3; He. 3.0 (3 . Arg &9 W . CW* Trp. p ^ ^ 

contains 1 1 Lys residues. as determined by the method 

modified by polyethylene glycol methyl ether The IL 1 communications. W 9. 363-369 (1982)1 which 
of Hinuma et al. (Biochemical and B.ophys.cal Rese ^ ^^^^"nkcS) with the ['Hl-thymidine 
measures the growth of an "-2-dependent mouse natural k.He ceH . e ( ^ ^ ^ 

s^*^^ %~ adminisuation ° f this product> 

obvious delay in clearance in blood was noted. 
Reference Example 1 

Synthesis of polyethylene glycol methylether aldehyde Q0) was disso , ve d in methylene 

(i) Polyethylene glycol methyl V^^,^^!^^^^^ mi * ure was stirred at 
chloride (100 ml) and then Pvnd^n^r«* *^J^J£££^ wit h methylene chloride and 
room temperature for 12 hours. The reaction ™*" re ™ a ' ™ wYshed with methylene chloride and then 
poured into a Florisil column (6x10 cm) and the column ^ washed ™" me v jtjve t 2>4 . din i tro . 
with chloroform, followed by elution w.th ^ nde V redded pfessu re. and there was 

phenylhydrazine test were combined. *<f *^ 

tertiary-butanol (100 ml). Thereto was added P««^ m "^Su^^r^^nol was then distilled 
bromoaceta. (2.56 ml). The mixture was J^««C«or2 t ^^^ f mhaun was extracted with 
off under reduced pressure, water was added to th » r "«" e ; J '* ^7 annydr0 us sodium sulfate. The 
chloroform (200 mlx2). The extract was washed w.th watt ^J^^l^^ t0 the residue, and 
chloroform was then distil.ed off under reduce* \^^^^^^^Z t was obtained 9.5 g 

than the product obtained in (1). auo ~, nt > molecular weight 1,900) was dissolved in 

(Hi) Polyethylene glycol methyl ether >5.7 g fT^g^^S^STO ™) was added. The mixture was 

{— CH(OH) 2 ) at 96.2 ppm. ... . aMftPano molecular weiaht 1,900) was dissolved in 

was collected by fil>.«ion and washed wuh ether to 9 ,»e .^'".J^^,^^ water bath to. 30 

s^^^^ -» 

"^^r th^sPecles'lU average -.ec Ul .r»e, 9 h,so f 7SO s 550 and 3 5 0 

J derive* Ho The corresponding aldehyde species by followng the above procedures. 
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meierence cwmwc *. 

S ^,t%°0 f mirp^ 9 of P-V^-V- HJ- JJJJ - ™ 

industries) (average molecular weight 1500). To the f^™*" a *« j?*™ solvent 
mixture was stirred at 40'C for 2 hours and then at room temperature ^^^^ the so | ution was 
was distilled off under reduced pressure. The reside was ; Asaohwd , ^ch.o^o m a nd t 
washed with water, the chloroform layer was dried over a •hydrous »* u ' m " u, ; a * unt of chloro f or m. a 
was distilled off under reduced pressure. The ' H r ^™J»*^" ne mtoure wM allowed to stand to 
petroleum benzine-ether (2:1) mixture was added to the sol^ methylene 
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at room temperature for 18 hours. The reaction mixture was applied to a silica qel C-200 »w„i, „ 
Chem.cal ndustnes) column (3x50 cm), and the column was washed with 5% metSanol-cWo ^ ° P ° re 
ml) and elutec I w.th 10% methanol-chloroform. Fractions positive to the 2 4^init ooStvm^ m <2 ° 0 

s c 5° 8 o b : 9 ,4i % ». ,he so,vent was distmed ° ff under reduced °— a c^rsass:* 

(ii) In 50 ml of methylene chloride, there was dissolved 20 g of polyethylene glycol 1000 ha/ l » 
Chem.cal Ind.) average molecular weight 1000). followed by addition of 5.15 g of ^ WoJl anhv^ h° t' 6 
m.xture was stirred at 70°C for 2 hours. Then, the solvent was distilled off and tht S anhydr,cle The 

o? an 9 of wh?ct ^rT" ^ m) and ^ ^^2^.3 ' K| "£&! 
of an oil, wh.ch sol.d.f,ed upon standing in a refrigerator. The subsequent ox dat on with nw ? J 60%) 
chlorochromate as conducted in the same manner as ,i) gave the cor^^^l^^ d,n,u,n 

Reference Example 3 — Production of IFN-vd2 
(i) Transformant preparation 

,FN '" 9e ™ — ™- p«-" ^Z2Z£JIJ£££ 

CGATAATGTGCCAG 
TATTACACGGTCCTG 

29*pHIT,r D 1101.d2 c.n^4 -id JtamM. " 9 ' *" " an *" m "" ~» t-E coffl 

(ii) Transformant cultivation 

growth reached KU2203 S-.nd ^ (^SSl??* ^ 1% ° f 9 ' UC ° Se 31 37 ° C - When the 
the cultivation was con inued I for fS r 4 tet,2fi^r r i? ? 3 C ° ncen,rat,on of 25 HQ/ml. Thereafter, 
and suspended in 1/10 volume of 0 5SS rTS^DH^SSiSl" bV centrifu 9«ion 

were added phenylmethylsulfony fluoride NaO Jht »n-H 1 9 10% sucrose - To ,h e '^pension, there 
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(iii) Purification of IFN-vd2 

above and stored in the frojen Th.\„™ 9 obtained in trie same manner as Iii) 

buff., I^TJ^^u^S^^T 60 -"I of 20 mM sodium phosphate 

S ha„ p uff ,r ,p„ ^i^z^^xt^o^ is&zrsz 

500 mi? SKSS*^!' I?!^. 8 -" 0 «"«™ !«»»• cm. cofumn volume 
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Reference Example 4 - Production of IFN- Y d3 

( i) Transformant production . f Example 7 of the specification for a patent application 

The IFN-y expression P ,as ^' d ^^'" ^e^^ the restriction enzymes A/del and Ncol and a 

start codon-containing oligonucleotide 

AATTCATGCAGGATCCA 

GTACGTCCTAGGTAT 

were joined together using T4 DNA ligase. 

The DNA fragment thus obtained "^^^/fig ceding for the Cys-TyVCys-deficient IFN-y 
Bgltt. to thereby construct an expression P^'^^ l^^ Ma „„ mi ^K2W o\ts) 

!^cf ci^ ~' a co,i ,=£ co " PR,(pLC2 ' pRK248 c,ts> - 

shake-cultured at 35'C in 50 ml of a «'7 d ^' u " "^Jh J£?S5KK to 2.5 liters of M9 medium 
sodium chloride and 7 ug/ml tetracyc line. The ^^'1"^^° J tr ^ c ^ a nd grown at 35'C for 4 hours and 

^ ai a r«rh^ »- — at - 80 ' c - 

phenylmethylsulfonyl fluoride, there were ^^^^^S^^fuget at 10,000xg for 
mentioned above in (ii). The suspension "as stirred at ^J^^Sd by adding 300 ml of PBS and the 
30 minutes to give 24 ml of a supernatant^^ ^ f|ow rate of , 

dilution was applied to an antibody eolumn (Mov2.ll .1. C0,um ^^ ap s J C d V pnosp hate buffer (pH 7.0) 
ml/minute. Thereafter, the ^ n ^I^^J^l^^^Q mM sodium phosphate buffer 
containing 0.5 M guanidine "Ydrochlonde and then ^ 

(pH 7.0) containing 2 Mguanidinehyd^^^ cQ|umn capacjty 500 ml) 

(25 ml) was applied to a Sephacryl S-20C ^.^^e bufferTpH 6.0) containing 1 mM ethy.enediamine- 

^sr™ 2 hydrochioride ' and e,uted wi,h 

^ S^rj^TvM X e eS?PN-V d, weighed 7.0 mg and had a specific 

activity of 2.72x10' lU/mg. 
Reference Example 5 - Production of non-glycosylate^ human IL-2 

(i) Transformant cultivation 8 4308153 01 was inoculated into 50 ml of a liquid medium (pH 

£ coli DH1/pTF4 (EPC Pat. Appln. No. 84308153.0] was i n ocu Laboratories, 
7.0) containing 1% Bacto tryptone (D.fco Laborator.es USA). 0 5 . Bactc .yeas * 1 ^ f After 

USA), 0.5% sodium chloride and 

cltur, broth by cemrifugation. frozen at -WC ana stored, 
supernatant. 

so (iii) Purification of IL-2 protein ,„ ainBt n m M Tris • HCI buffer (pH 8.5) and then 

The supernatant obtained above was dialed again jr W» M Tns ^ ML matam 
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using a YM-5 membrane (Amico, USA) and subjected to gel filtration using a Sephacryl S-200 (Pharma 
Sweden) column (500 ml in volume) equibrated with 0.1 M Tris • HCI (pH 8.0)— 1 M NaCI buffer The acr' 3 ' 
fractions (28 ml) obtained were concentrated to 2.5 ml using a YM-5 membrane. The concentrarp 
applied to an Ultrapore RPSC (Altex. USA) column for adsorption, and high performance lim^ 
chromatography was performed using a trifluoroacetic acid-acetonitrile system as the eluent 
« ,„, Und , er the condition s: column. Ultrapore RPSC (4.6x75 mm); column temperature 30°C- ek.Pnr a 
0.1% tnfluoroacetic acid-99.9% water; eluent B. 0.1% trifluoroacetic acid-99.9% acetonitrile eluL 

T'™^ ° (68% A+32% B »- minute 25 (55% A+45% B)-minute 35 (45% A + 55% B)-min u ? e 4= 
(30% A+70% B)-m.nute 48 (100% B); elution rate. 0.8 ml/min.; detection wave length, 230 nm An 
fraction was collected at a retention time of about 39 minutes. Thus was obtained 10 ml of a solut^ 
containing 0.53 mg of non-glycosylated human IL-2 protein (specific activity. 40.000 U/mg; activity recov«C 
from starting material, 30.6%; purity of protein. 99% (determined by densitometry)!. ^ 

Claims 

1. A chemically modified "lymphokine having polyethylene glycol of the formula: 

R-K) — CH 2 CH 2 -)h 

20 wherein R is a protective group for the terminal oxygen atom and n is an optional positive integer bonded 
directly to at least one primary amino group of the lymphokine moiety. 

2. The modified lymphokine according to claim 1. wherein the lymphokine moiety has molecular 
weight from 5.000 to 50.000. "ww.uiar 

3. The modified lymphokine according to claim 2. wherein the lymphokine moiety has molecular 
25 weight from 10.000 to 30,000. »u««.uiar 

4. The modified lymphokine according to claim 1. wherein the lymphokine moiety is interferons 
mterleukin-2 macrophage differentiating factor, macrophage activating factor, or substances similar in 
structure and in physiological activity to these. 

,« • . j" The 0 mod,f if d lymphokine according to claim 1. wherein the lymphokine moiety is interferon-a 
30 mterferon-0, interferon-y, interferon-yd2. interferon-yd3 or interleukin-2. 

6. The modified lymphokine according to claim 1. wherein the lymphokine moiety is interferon-a 

7. The modified lymphokine according to claim 1. wherein the lymphokine moiety is interferon-y' 

8. The modified lymphokine according to claim 1. wherein the lymphokine moiety is interleukin-2 
3. The modified lymphokine according to claim 1, wherein the polyethylene glycol has molecular 

weight corresponding to 1 to 10% of the molecular weight of the lymphokine moiety. 

™h. # m «n? ed ™ Ph ° kine accordin 9 to claim 1 - w "erein the polyethylene glycol has molecular 
weignt rrom oou to 6,000. 

11. The modified lymphokine according to claim 1, wherein R is alkyl or alkanoyl 

12. The modified lymphokine according to claim 1, wherein n is a positive integer from 7 to 120 

13. The modified lymphokine according to claim 1. wherein the primary amino group is N-terminal 
a-amino group or e-amino group of lysine residue in the lymphokine moiety. 

14. The modified lymphokine according to claim 1 , which has polyethylene glycol bonded to 15 to 80% 
of e-amino groups of lysine residue in the lymphokine moiety. 

45 forrJula* meth ° d ° f producm 9 a chemically modifred lymphokine having polyethylene glycol of the 
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R-f-OCHjCHj-fc 

« ^ he itT" f iS 3 protective 9 rouD for the terminal oxygen atom and n is an optional positive integer, bonded 
t^lu . St on f pnmar V amino 9roup of the lymphokine moeity, which comprises reacting a 

lymphokine with an aldehyde of the formula: »»-"»a " 

»H-0— CHjCHj-JsrrO— CH,CHO 

55 wherein R and n are as defined above, in the presence of a reducing agent 

16. The method according to claim 15. wherein the reaction is conducted in the neighborhood of 

nsuiroiiiy. 

17. The method according to cfaim 15, wherein the reducing agent is sodium cyanoborohydride. 

60 

Patentanspruche 

1. Chemisch modifiziertes Lymphokin, das em Polyathylenglycol der Forme! 
65- R+O— CH 2 CH 2 -fc 
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• t d n einewahlbare positive ganze Zahl 

WOT i„ R sine Schutzg-uppe «' <»» tnl **f Si" ™ ivmphokinwMil. g^ndon tmhMl 

o^a, 3 e„,c M vo„ 

m 000 bis 30.000 aufweist. , vmD h 0 kinanteil aus Interferonen, Interleukin- 

~ < s " uk,u ' una 

-t^rr^irs^ 3 z saris 

7. Modiflziertes Lymphok.n nach Anspuch . w « ^hoWnanteil lnterleukm-2 .st. 

8. Modiflziertes Lymphokir , nach A ^^P^^^ poiyathvleSglyco. ein Moleu.argewicht aufwe.st. 

das \ rsr-rffi ein m-«« - 

10. Modiflziertes Lymphokin nach Ansprucn i. wo 
Via bis 6.000 besitzt. „ . , ,„„,.:„ a fur Alkvl oder Alkanoyl stent. 

350 1 Modiflziertes Lymphokin nach ^P^i^ii^7g.«Zahlvon7bi.120^t* 
12. Modifizier.es Lymphokin "■^2^'^" "JSS.*" Aminogruppe eine N-endstand.ge 

Formel 

R-(-OCH s CH 2 -fe 
R _ H> _CH l CH J -> ii rTO-CH J CH0, 

- r u . „ * — — ■ ! - ei - es Red 7 o 7 e ;:: 

. - ir<1 ; 7 V,**™ .30, ^ * -in das Red^ions,*., Na.Hu.cvanborhvdnd * 
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Revendications 



", LymP hokine cnimipuement modifiee ayant du po.yethy.enegiyco. de formu.e: 

R-fO— CH 2 CH 2 -fe 

danS >apue..e R est un groupe P«^««' ^^^^ 
" ' aiS 1 ^^J^^Je , fragment iymphoki masse 

^?t5»^SE 35, " £25* ion 2. dans ,pue>, , fragment .ymphokine a une masse 
moleculaire comprise entire 10 000 et 30 000. |g m lvmph okine est un 

S5 4. Lymphokine modifiee selon la revenc jeation aa J un facteur deactivation de 

interferon, l'lnterleukine-2. un ^V^ d ^^ ff ,"Si « en artivite phyeiologique a ces substances. 

nrssr^' 1 ^^ * . 

65 |'interieukine-2. 
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9. Lymphokine modifiee selon la revendication 1, dans laquelle le polyethyleneglycol a une ma 
moleculaire correspondant a 1% a 10% de !a masse moleculaire du fragment lymphokine 

10. Lymphokine modifiee selon la revendication 1, dans laquelle le polyethyleneglycol a un* m 
moleculaire comprise entre 350 et 6 000. masse 

5 11. Lymphokine modifiee selon la revendication 1, dans laquelle R est un alkyle ou un alcano 
et 120* LYmphokine modif| ee selon la revendication 1, dans laquelle n est un entier positif compris entre*? 

13. Lymphokine modifiee selon fa revendication 1, dans laquelle le groupe amino primaire est i 
groupe a-amino de I'extremite N-terminale ou le groupe e-amino d'un reste lysine dans le fraomol! 

jo lymphokine. ymeni 

14. Lymphokine modifiee selon la revendication 1, qui a du polyethyleneglycol lie a 15% a 80% de 
groupes e-amino du reste lysine dans le fragment lymphokine. ° 

15. Procede de preparation d'une lymphokine chimiquement modifiee ayant du polyethyleneglycol de 



75 



R-fO— CH 2 CH 2 -4k 



dans laquelle R est un groupe protecteur de I'atome d'oxygene terminal et n est un nombre entier positif 
laisse au chotx, lie directement a au moins un groupe amino primaire du fragment lymphokine qui 
20 comprend la reaction d'une lymphokine avec un aldehyde de formule: 

RH-O--CH 2 CH 2 -fe = r T O--CH 2 CH0 

dans laquelle R et n sont tels que definis ci-dessus, en presence d'un agent reducteur, 
25 16. Procede selon la revendication 15, dans lequel la reaction est realisee au voisinage de la neutrality 
17. Procede selon la revendication 15, dans lequel I'agent reducteur est du cyanoborohydrure de 
sodium. 
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Fig. 3 
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Fig. 4 
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